Introduction

40
Peatlands are distributed worldwide with the total area of 4.16 × 10 6 km 2 , of which more than resulting in a positive feedback. Also, GWL tends to decrease as the density of vascular plants We measured sensible (H) and latent heat (LE) fluxes using the eddy covariance technique 85 and determined ET and energy balance at two adjacent sites, where Sphagnum moss and mesic 86 dwarf bamboo (Sasa) dominate, respectively, in an ombrotrphic bog area (Takagi et al., 1999) 87 in Hokkaido, the northernmost island of Japan, during four growing seasons from 2007 through 88 2010, including a record-breaking hot summer in 2010 (Otomi et al., 2012) . In the ombrotrophic 89 bog area, Sasa plants have been expanding since the 1960s, when a drainage channel was 90 excavated (Tsujii, 1963) . Sasa expansion after drainage is common in many other bog areas in
91
Hokkaido Island (Fujita, 2006 area of 6658 ha, in which bog with flat lawn is the dominant peatland type (Fujita et al., 2007) , 103 in northern Hokkaido Island, northern Japan. The mire was bordered by drainage ditches, a 104 river and pastures. About 6-m-thick peat has accumulated for 4000-5000 years (Ohira, 1995;  peat soil, yet they concentrated within the top 0.2 m (Takakuwa and Ito, 1986) . Sasa plants 
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Annual mean air temperature and annual precipitation are 6.1°C and 1073 mm 120 at Toyotomi meteorological observatory, which is located about 6 km east of the study sites.
121
The minimum and maximum mean monthly temperatures are -6.5 (January and February) and stability, because the LI7500 was installed 0.5-0.8 m higher than the HMP45.
176
Soil heat flux at the ground surface (G; W m -2 ) was calculated as the sum of heat flux at a 177 depth of 10 cm (G10; W m -2 ) and heat storage change of the topmost soil layer of 10-cm 178 thickness using the following equations.
where C is heat capacity of the soil layer (J m -3 K -1 ), z is the thickness of the soil layer (= 0.1 
where Ga is bulk aerodynamic conductance (m s significant differences around midday (1000-1400) among the three seasons at each site (Table   266 2). Net radiation (Rn) decreased from the early to late seasons via the mid-season (Figs. 3a- and Sasa sites by a factor of three or more (Fig. 4a) . Accordingly, the ratio of nighttime and at Sphagnum and Sasa sites (Fig. 4b) . The increase in the late season would be related to 315 increases in VPD and wind velocity in the nighttime (Fig. 4c) , which was reflected on more
316
negative nighttime H in the late season (Fig. 3i) (Fig. 5d) . Figure 6 shows the relationships between daytime dry Gs and VPD in the mid- simply decreased with VPD independently of GWL (Fig. 5a ). In 2010, when GWL was high 337 (Fig. 1d) , dry Gs was higher in the higher GWL group (> -0.05 m) (Fig. 5b) May (0.9) to September (0.6) was also reported for a Sphagnum mire in Sweden (Kellner, 2001).
378
At Sphagnum site, no change occurred in dry Gs between the early and mid-seasons ( Nighttime ET sharply increased in the late growing season at both sites (Fig. 4a) . As a result,
394
the ratio of ET between the nighttime and daytime increased up to 27-29% in October (Fig. 4b) .
395
The seasonal variation was chiefly caused by increases in VPD and wind velocity (Fig. 4c conditions in 2010 (> -0.13 m, Fig. 1d ), the sensitivity of dry Gs to VPD reduced (Fig. 6b) ,
419
because the limitation of capillary uptake was relaxed (Liljedal et al., 2011).
420
As for Sasa site, dry Gs remained almost constant until VPD increased up to 7-8 hPa in to investigate the effects of the invasion of Sasa plants into a Sphagnum-dominated bog.
440
Because the two sites were only 600 m apart each other, they can be considered to have been 441 subjected to the same synoptic weather conditions. Cumulative ET for about 6.5 months of the 442 snow-free period was larger at Sphagnum site (362 mm) than at Sasa site (300 mm) in 2008 443 with a dry summer and fall, whereas they were almost the same (374 vs. 372 mm) in 2010 with 444 an abnormally hot wet summer (Table 3) . During the peak growth period, ET was also larger at 
468
The CV of mean ETs of the four peak growth seasons was only 1.5% at Sphagnum site 469 despite unstable meteorological conditions (Table 4) , which was much smaller than that of (Table 1) .
478
As a result, LAI was significantly higher in 2010 than in 2009 (Fig. 2) . Higher Gs in 2010 will 479 be caused by higher LAI, whereas such an abnormal summer didn't affect ET at Sphagnum site
480
( (a) and between 3 and 7 hPa at Sasa site (b) to avoid the effect of VPD (Fig. 6 ). Half-699 hourly measured data are plotted, and a line is fitted (p < 0.05). 
700
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* Two-way repeated measure ANOVA was applied. **, * and ns denote significance levels of <0.01, <0.05 and > 0.05, respectively. 
